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has been found inadequate to meet the Chief of Naval 
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stockage level effectiveness (ratio of demands filled to 
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cal systems. 

The RIMAIR model allows the budget constraint to dic- 
tate stockage levels while the current policy is deter- 
ministic. However, RIMAIR stockage levels are bounded by 
both a minimum and maximum constraint which limit its flexi- 
bility. As a result, RIMAIR stockage levels and total cost 
are considerably higher than currently allowed. The 
effectiveness and availability measures are also much 
higher. A modified RIMAIR model provided increased effec- 
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I. INTRODUCTION 



A. BACKGROUND 

One of the key ingredients of an effective weapon sys- 
tem is ensuring that the system is in a working condition 
when needed. As Naval aircraft become increasingly complex 
with multitudes of electronic components, the problem of 
keeping them flying and capable of performing all their 
assigned missions becomes more difficult. Since it is 
unlikely that a totally reliable system (one that never 
breaks down) can be designed in the near future, the ques- 
tion of how to restore such systems to operating condition 
is inevitable. 

The concept of "remove and replace" is utilized by the 
Navy in an effort to minimize the non-availability of its 
aircraft when breakdowns occur [Ref. 1] . Under this policy 
a malfunctioning item is removed and immediately replaced 
by an operable one. This leads to a requirement for spare 
items at the retail (operating) level. It is the purpose 
of this thesis to compare two methods of determining which 
spare items and how many of them should be stocked at the 
retail level for Naval aircraft. In this chapter the prob- 
lem, and the data base are discussed. 

Quantities of aviation material to be stocked at the 
retail level are managed by the Naval Aviation Supply 
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Office (ASO) [Ref. 1] with policy prescribed by OPNAVINST. 
4441.21 [Ref. 2], AVCAL's (Aviation Consolidated Allowance 
Lists) are used to delineate actual stockage levels. ASO 
has used the same basic rules for determining AVCAL's since 
the late 1960's [Ref. 3]. However, the Fleet Material 
Support Office (FMSO) [Ref. 4] verified that the stockage 
levels prescribed by these rules are inadequate to meet the 
goals of the Chief of Naval Operations (CNO) to satisfy 
75% of all demands and 85% of demands for stocked items. 

As a result, the Fleet Material Support Office has developed 
an alternative model called the Retail Inventory Model, 
Aviation (RIMAIR) . In Chapter II, the theoretical and 
functional aspects of both RIMAIR and the current stockage 
rules are explained. 

Since each model operates under different rules and 
assumptions it is likely that they will yield different 
AVCAL's. The TIGER simulation model, discussed in Chapter 
III, is utilized to compare the two stockage models based 
on the availability of three hypothetical systems. 

Finally, Chapter IV covers a comparison of forecast 
stockage levels, and the results of the TIGER simulation. 

B . THE DATA 

The data utilized for this study were obtained from 
the ASO master data file. As such, the data are the same 
as that used currently to determine AVCAL stockage levels. 
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The data consists of slightly over forty-three thousand 
parts from the T-56 jet engine. 

For each part the following data are provided: 

1. Naval Inventory Identification Number (NUN) — a 
nine digit identifier. 

2. Unit Price (UP) --the cost of an individual item. 

3. Consumable/Repairable Code (CR) — identifies the 
part as either a consumable (C) or repairable (R) . 

This is critical since different stocking policies 
are currently applied to each. Since this study 
deals with retail stockage levels, all parts re- 
quiring depot level repair are classified as consumables. 

4. Order and Shipping Time, War (OSTW) — the expected 
length of time required to order and receive a part 
under wartime conditions when one is not available 
at the operating level. OSTP is the equivalent 
length of time under peacetime conditions. The 
RIMAIR model assumes OSTP = OSTW. 

5. Quarterly Removals, War (QRW) — the total quantity 

of an item that are removed and thus require replace- 
ment (i.e., demands) during a 90-day period assuming 
wartime flying hours. 

6. Quarterly Attrition, War (QAW) — the quantity of an 
item that are discarded from the resupply/repair 
pipeline (see Figure 1) during a 90-day period under 
wartime conditions. For consumables, QRW = QAW 



13 



(all consumables that fail are discarded) , and for 
repairables QRW >_ QAW. The difference between QRW 
and QAW is the quantity of an item that are success- 
fully repaired during the quarter. 

7. Quarterly Attrition, Peace (QAP) — similar to QAW 
but assuming peacetime flying hours. 

8. Mean Repair Pipeline (MRP) — the expected number of 
an item that are in the repair pipeline at any given 
time under steady-state conditions. 
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II. RETAIL INVENTORY MODELS 



A. THE CURRENT ASO RULES 

ASO's current procedure for determining AVCAL stockage 
levels is based on the repair/resupply pipeline model in 
Figure 1. Demands (QRW) are placed on the supply system 
due to actual failures or the removal of items for preven- 
tive maintenance. Upon entering the system, a part is 
determined, with probability p, to be beyond the capabili- 
ties of local maintenance (BCM) , or with probability 1-p 
it is determined to be repairable. 

If the item is classified as BCM it is discarded (QA) 
from the retail level (it may be repairable at a higher 
level) and a replacement part is ordered. Ordering an 
item from outside the operating level will entail a delay 
due to order and shipping time (OSTW) . OSTW is assumed 
constant for a given item by the RIMAIR model. 

If repairable, an item is placed in the repair pipe- 
line. The average time spent being repaired is the turn- 
around time (TAT) and the average number of an item in the 
repair pipeline at a given time is its mean repair pipeline 
(MRP) . When repairs are complete the item is returned to 
the retail level inventory. 

The following assumptions are made concerning the 
repair/resupply model [Ref. 4]: 
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1. Demand is a Poisson process. 

2. Demand rates are stationary over time. 

3. OSTW and TAT are independent of demand. 

4. Items are requisitioned on a one-for-one basis 
(S-1,S ordering policy). 

5. All demands are satisfied by either immediate replace- 
ment from supply, expeditious repair, or requisitioned 
(back ordered) . 

6. There is no cannibalization. 

7. The repair pipeline is never saturated (there are 
always sufficient repairmen to work on all items 
entering the repair pipeline) . 

As a direct consequence of assumption one, demand over 
a given time period (measured in quarters) is Poisson 
distributed with mean of QRW x t. Based on the assumptions, 
Ross [Ref. 5] showed that the repair pipeline and resupply 
pipeline are themselves independent Poisson processes with 
rate parameters (1-p) x QRW and p x QRW = QAW respectively. 
Ross then showed that the number of items being repaired, 
the number of items requisitioned and the total number of 
items in the system at a given time are each Poisson dis- 
tributed with means of MRP, mean resupply pipeline (MRSP) 
and MRP + MRSP. 

Based on the resupply/repair pipeline model and the 
fact that the number of items being repaired are Poisson 
distributed, ASO devised the stockage rules outlined in 
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Table 1. They provide for separate range (will the item 
be stocked?) and depth (given it is stocked, how many will 
be stocked?) criteria based on unit cost and demand. The 



TABLE 1 

CURRENT ASO RANGE AND DEPTH CRITERIA 



ALLOWANCE RANGE CRITERIA DEPTH CRITERIA 

QUANTITY 



Rotatable Pool Repair demand during 90% protection on 
(RP) IMA TAT (intermediate repair demand 

maintenance activity during IMA TAT 
turn around time) > .11 



Attrition 
with RP 



Quarterly attrition Quarterly attri- 

demand = 1.0 tion demand 

rounded at . 5 

with a minimum of one 



Attrition 
without RP 



Quarterly attrition Same as attrition 
demand = .34 if unit with RP 
price < $5000 



Quarterly attrition 
demand = .5 if unit 
price = $5000 



rotatable pool allowance (RPA) provides 90% protection for 
those parts tied up in the repair pipeline. In other words. 



P(X < RPA) = .9 



(II. A. 1) 



where : 



X = the number of items being repaired. 
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And since X is Poisson distributed 



RPA 



-MRP (MRP) 
X! 



X 



P (X 5 RPA) = l e 
X=0 



(II. A. 2) 



If MRP >_ .11, then an RPA is allowed. An MRP = .11 is the 
minimum MRA that will require an RPA of one. 

The attrition allowance (AA) is designed to account for 
losses due to non-repairable (BCM) parts. Range criteria 
for the AA differ depending on whether an RPA is allowed. 

In the case of repairables with MRP >_ .11 (RPA allowed) , 
the range criterion is a quarterly attrition demand (QAW) 

1.0. For consumables and those repairables with an MRP 
< .11, the range rules differ based on unit price (UP) and 
QAW. If UP < 5000, a QAW >_ .34 is required for an attrition 
allowance (AA) and if UP >_ 5000, a QAW > .5 is needed. In 
either case, attrition allowance with RPA or attrition allow- 
ance without RPA, the depth criteria are the same. Given 
that one of the range criteria is met, an AA equal to the 
QAW (rounded to the nearest non-zero integer) is allowed. 

Once the rotatable pool allowance and the attrition 
allowance have been computed, they are added to yield the 
AVCAL stockage level. 

B. RIMAIR MODEL 

RIMAIR (Retail Inventory Model, Aviation) is advertised 
as an essentiality weighted (see Section II. B. 5), fill rate 
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optimization model with a cost constraint. It is based on 
the resupply/repair pipeline model discussed in the previous 
section (see Figure 1) . The same assumptions hold. 

1 . The Lagrangian 

RIMAIR uses basic Lagrange multiplier techniques 
for optimization. In standard format, RIMAIR solves the 
following problem: 



Maximize £ ESS(i) xQRW(i) x FR 
ITEMS 



Such that l UP(i) xs(i) <_ CT 
ITEMS 



where : 



(II.B.l) 



ESS (i) 
QRW(i) 
UP ( i) 
S(i) 

CT 

FR 



essentiality code for item i; 

quarterly demand for item i; 

unit price for item i; 

stockage level (depth) of item i; 

cost target (budget) ; and 

the probability of satisfying a demand 
for item i at time t (fill-rate) . 



The above definition of fill-rate is used by the 
RIMAIR model but is not universally accepted. Operational 
personnel measure a quantity they call fill-rate as the 
ratio of total number of demands filled to the total number 
of demands. The latter definition is called stockage level 
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